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Background: The prognostic impact of tumour-promoting immune cells in cervical cancer is unclear. 

Methods: Federation of Gynaecology and Obstetrics (FIGO) stage IB and IIA cervical cancer patients {N= 101) were assessed for 
tumour-associated CD66b + neutrophils and CD163 + macrophages by immunohistochemistry in whole tissue sections using 
stereology. Results were correlated with previous results on tumour-infiltrating CD3 + , CD4 + , and CD8 + lymphocytes in the same 
cohort with recurrence-free survival (RFS) as end point. 

Results: The highest densities of CD66b + neutrophils and CD163 + macrophages were observed in the peritumoural com- 
partment (median 53.1 cells mm ~ 2 and 1.3% area fraction, respectively). Above median peritumoural and stromal CD66b + 
neutrophils and peritumoural CD163 + macrophages were significantly associated with short RFS. Multivariate analysis identified 
high peritumoural neutrophils (HR 2.27; 95% CI 1.09-4.75; P = 0.03), low peritumoural CD8 + lymphocytes (HR 3.67; 95% CI 1.63- 
8.25; P = 0.002), and lymph node metastases (HR 2.70; 95% CI 1.26-5.76; P = 0.01) as independent prognostic factors for short RFS, 
whereas CD163 + macrophages were not significant. An index of combined intratumoral and peritumoral CD66b + neutrophils to 
CD8 + lymphocytes had good discriminatory power for each quartile with 5-year RFS of 92%, 80%, 62%, and 44% (P = 0.001). 

Conclusion: Tumour-associated neutrophil count is an independent prognostic factor for short RFS in localised cervical cancer. 
Combining CD66b and CD8 may further improve prognostic stratification. These findings require prospective validation. 



Squamous cell cervical cancer is a frequent cancer worldwide (Bray 
et al, 2013). The favourable prognostic impact of lymphocyte 
infiltration is well documented (Rahir and Moser, 2012), however, 
the role of tumour-promoting immune cells is largely unknown. 
Cancer inflammation has emerged as an enabling characteristic for 
the hallmarks of cancer, and the detrimental effect of tumour- 
associated innate immune cells has been suggested in a number of 
cancer types (Mantovani, 2009; Hanahan and Weinberg, 2011), 
although conflicting results have been published (Souto et al, 
2011). In cervical cancer, studies have demonstrated a negative 
prognostic effect of elevated blood neutrophil and monocyte 



counts have been demonstrated (Cho and Kim, 2009; Lee et al, 
2012b). In addition, blood neutrophil-to-lymphocyte ratio (NLR) 
has been identified as a poor prognostic factor (Lee et al, 2012a). 
Suppression of lymphocyte function has been documented for 
neutrophils (Schmielau and Finn, 2001) and tumour-associated 
macrophages (TAMs) (Lepique et al, 2009). Matrix metalloprotei- 
nase-9 secreted by TAMs, and in particular tumour-associated 
neutrophils (TANs), has been correlated with poor survival (Ardi 
et al, 2009). Tumour-associated macrophages have been correlated 
with accelerated lymphangiogenesis (Schoppmann et al 2002; 
Utrera-Barillas et al, 2010), which is perceived as a necessary step 
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for lymph node metastasing. Collectively, these data from cervical 
cancer indicate a potential harmful role of TANs and TAMs. 

Our institution has previously reported poor prognosis for 
patients with the presence of intratumoural CD66b + neutrophils 
in primary (Jensen et al, 2009a) and metastatic renal cell carcinoma 
(Donskov et al, 2006), as well as poor prognosis for patients with 
primary melanoma with the presence of intratumoural neutrophils 
(Jensen et al, 2012) and CD163 + macrophages (Jensen et al, 
2009b). In the present study, we assessed CD66b + neutrophils and 
CD 163 + macrophages in the tumour nests and adjacent stromal 
tissue in patients with localised cervical cancer. We correlated the 
assessments with previous findings of tumour-associated CD4 + 
and CD8 + lymphocyte counts with recurrence-free survival (RFS) 
as end point. 



MATERIAL AND METHODS 



The study included 102 patients treated with surgery or radio- 
therapy for cervical squamous cell carcinoma for the International 
Federation of Gynaecology and Obstetrics (FIGO) stage IB and IIA 
(Benedet et al, 2000), at Aalborg Hospital from 1990 to 2000 
(Table 1). Retrospective clinical sub -classification in stage IB1 and 
IB2 was not possible. All patients had squamous cell carcinoma. The 
cohort is identical to the cohort published by Nedergaard et al 
(2007a); however, one patient was excluded due to the lack of tissue 
rendering 101 patients for the assessments. Tumour samples were 
collected from the tumour tissue blocks used for routine pathologic 
evaluation. We aimed at analysing two sections from separate tissue 
blocks of each tumour. A previous study in renal cell cancer has 
shown that analysis of two sections is superior to analysis of a single 
section, as it significantly decreases the coefficient of variance when 
taking the variance between tumours and the variation between 
sections into account (Jensen, Donskov et al, unpublished data). 
However, in 16 patients (16%) only one section was available. The 
study was approved by the local Ethics Committee. 

Immunohistochemistry. Formalin-fixed paraffin-embedded 
tumour specimens were sectioned at 2 /mi and mounted on 
glass slides. Primary antibodies were against CD66b (clone 
G10F5, 1 : 600, no. 555723, BD Biosciences, San Jose, CA, USA), 
CD34 (clone QBEND10, 1 :400, Beckman Coulter, Immunotech 
PN IM0786, Prague, Czech Republic), and CD163 (clone EDHu- 
1, 1:100, MCA 1853, Abd Serotec, Oxford, UK). Immunohis- 
tochemistry was performed using a Benchmark XT automated stainer 
(Ventana Medical Systems, Tucson, AZ, USA). Deparaffinisation, 
epitope retrieval, and immunostaining were performed according to 



Table 1. Patient characteristics (N=101) 






Without recurrence 


Recurrence 


Number of patients 


70 (69%) 


31 (31%) 


Age at diagnosis (range), years 


45 (26-68) 


41 (22-70) 


Stage IB 


63 (90%) 


28 (91%) 


Stage IIA 


7 (10%) 


3 (9%) 


Lymph node metastases 


No 


62 (89%) 


21 (68%) 


Yes 


8 (11%) 


10 (32%) 


Primary treatment 


Surgery 


61 (87%) 


26 (85%) 


+ Adjuvant radiotherapy 


13 (21%) 


10 (38%) 


Radiotherapy 


9 (13%) 


5 (15%) 



the instructions of the pathological department by using cell 
conditioning solutions. Double stainings with CD66b and CD34 
were visualised with the ultra VIEW Universal diaminobenzidine 
detection system (Ventana Medical Systems) and ultraVIEW 
Universal Alkaline Phosphatase Red Detection Kit (Fast red) 
detection system (Ventana Medical Systems), respectively. Single 
staining with CD 163 was visualised with ultraVIEW Universal 
Alkaline Phosphatase Red Detection Kit (Fast red) detection system 
(Ventana Medical Systems). Positive signals were amplified using 
ultraVIEW copper, and sections were counterstained with haema- 
toxylin and bluing reagent. 

The stainings for CD3 + , CD4 + , and CD8 + lymphocytes have 
been described in detail previously (Nedergaard et al, 2007a). 

Quantitative evaluation of immunostaining. The evaluation was 
done using computer- assisted sampling (newCAST software, 
Visiopharm, Hoersholm, Denmark) applying statistically unbiased 
stereological sampling of fields of view (Gundersen et al, 1988a, b). 
Whole slides were scanned at a maximum resolution of x 20 using 
a whole slide scanner (NanoZoomer 2.0, Hamamatsu Photonics, 
Hamamatsu City, Japan). Digital images were then imported into 
newCAST. The total tumour area visible and adjacent tumour- 
associated stroma at low resolution was outlined as region-of- 
interest. Areas of necrosis or artefacts were ignored. The 
quantitative histological analysis was done by one observer blinded 
to all clinical features and previous lymphocyte counts. 

Double staining of CD66b and CD34 allowed for the distinction 
between intra- and extravascular neutrophil localisation as 
previously described (Jensen et al, 2009a, 2012). Neutrophils and 
macrophages were further classified according to tumour compart- 
ment as located in tumour nests, peritumoural (i.e., in the stroma 
at the migrating border of tumour nests) (Figure 1), or stromal as 
previously described by Nedergaard et al (2007b). An area of 
stroma was denoted peritumoural, if at least one epithelial 
malignant cell was observed in the field of view inside a sampling 
frame. If no tumour cells were observed the area was denoted as 
stromal. For estimation of the density of CD66b + neutrophils 
(Figure 1 A) the first counting frame was sampled by the software at 
random, and subsequently a mean of 64 counting frames (each 
40 480 fim 2 ) were sampled in the total tumour area in a systematic 
manner (Gundersen et al, 1988a) at a total magnification of 1556 
( x 40 lens). Individual neutrophil profiles were counted when a 
neutrophil nucleus was clearly visible along with a surrounding 
positive IHC signal. For assessment of CD163 + macrophages 
(Figure IB), point counting (Kamper et al, 2011) was applied to 
estimate the area fraction of CD163 + immunostains per viable 
tumour area at a magnification of 1556 ( x 40 lens). Point counting 
of CD 163 immunostains was chosen as the cell borders of individual 
macrophages could not be outlined with sufficient precision. A 
mean of 28 fields of visions were assessed per tumour section. Areas 
of necrosis or artefacts were ignored. This stereological approach 
with a single section from each tumour tissue block only allows for 
estimation of two-dimensional cell profiles either as number or area 
fraction. Assessment of number of CD3 + , CD4 + , and CD8 + 
lymphocytes were performed with identical stereological approach 
as for CD66b + neutrophil estimation and has been described in 
detail previously (Nedergaard et al, 2007a). 

Heterogeneity and reproducibility. Heterogeneity between 
paired sections from the same patient was modest, as a significant 
concordance was observed for neutrophil count peritumourally 
(Paired T-test correlation = 0.6; P = 0.0001) with the paired f-test 
revealing no significant differences between samples (P = 0.7). 
Likewise, for macrophages peritumourally we observed a paired 
T-test correlation of 0.69 with no significant differences between 
samples (P = 0.08). Intraobserver reproducibility of variables was 
tested in a systematic random sample of every 10th case (N= 10), 
ranked according to neutrophil density. A high reproducibility was 
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Figure 1. (A) Representative example of CD66b + /CD34 + staining (20x lens) with tumour nest neutrophil (black thin arrow) and peritumoural 
neutrophil (white thin arrow). An unbiased counting frame is applied. (B) CD1 63 + immunostaining (20x lens) illustrating tumour nest macrophage 
(black fat arrow) and peritumoural macrophages (white fat arrow). A counting grid is applied. 



observed for neutrophils in all compartments (Spearman p > 0.80; 
P<0.0001). 

Statistics. Follow-up was median 9.8 years and clinical features 
(Table 1) were as previously published (Nedergaard et al, 2007a). 
Correlation between paired sections was tested with paired samples 
T-test. Intraobserver reproducibility of variables was tested with 
Spearman rank test. For all cell assessments the median was used as 
cutoff point. Survival distributions were estimated using the 
Kaplan-Meier method and the relationship between survival and 
each parameter was analysed with the log-rank test. A Cox 
proportional hazards model was created to identify independent 
predictors of RFS, including factors with a P- value <0.01 in 
univariate analyses. On the basis of the number of patients in the 
cohort and the number of events we included a maximum of five 
variables in the multivariate analysis (Vittinghoff and McCulloch, 
2007): peritumoral CD66b + neutrophils above median, peritu- 
moral CD163 + macrophages above median, peritumoral CD8 + 
lymphocytes below median, peritumoral CD4 + lymphocytes 
below median, and presence of lymph node metastases. Statistical 
analyses were performed using SPSS version 20.0 (SPSS, Chicago, 
IL, USA) statistical software. All tests were two-sided and P- values 
< 0.05 were considered statistically significant. 



RESULTS 



Patient characteristics. Characteristics of the 101 cervical cancer 
patients are listed in Table 1. For patients alive minimum follow- 
up was at least 5 years. Overall, 10-year RFS rate was 67% for stage 
IB and 70% for stage IIA. 

Tumour-infiltrating neutrophils, macrophages, and lymphocytes 
correlated with RFS. The number of intravascular neutrophils 
was negligible (mean absolute count 0). The median densities of 
neutrophils in tumour nests, peritumoural, and stromal were 
23.2 cells mm" 2 (range 0-939), 53.1 cells mm" 2 (range 1.7-677), 
and 28.3 cells mm" 2 (range 0-780), respectively. The median area 
fraction of macrophages in tumour nests, peritumoural, and 
stromal were 0.22% (0-12%), 1.3% (0-17%), and 0.73% (0-9.4%), 
respectively. 

A density of CD66b + neutrophils above median in the 
peritumoural compartment and stromal compartment was sig- 
nificantly associated with short RFS (P = 0.039 and P = 0.011, 
respectively) (Figure 2), whereas neutrophils within the tumour 
nests were not (P = 0.23). For CD163 + macrophages assessments, 
a density above median in the peritumoural compartment was 
significantly associated with short RFS (P = 0.042) (Figure 2). The 



density of CD163 + macrophages in the stroma or intratumoural 
compartments was not significantly associated with RFS. The 
highest rate of recurrence was noted for patients with the highest 
density (quartile 4) of neutrophils and macrophages in all three 
compartments (Table 2). The 5 -year RFS was 52% for patients with 
peritumoural neutrophil in the fourth quartile compared with 76% 
for patients with peritumoral neutrophils in the first quartile. 
Likewise, the 5 -year RFS was 60% for patients with peritumoural 
macrophages density in the fourth quartile compared with 80% for 
patients with peritumoral macrophages in the first quartile. Higher 
median densities of peritumoral macrophages were observed in 
patients with lymph node metastasing with a median area fraction 
of 2.7% for patients with lymph node metastases vs 1.1% for 
patients without lymph node metastases (Mann- Whitney 
P = 0.004). However, the two groups were overlapping and no 
optimal cutpoint could be established. The results of tumour- 
infiltrating lymphocytes in these patients and the correlation with 
RFS have previously been published (Nedergaard et al 2007a). Low 
peritumoural CD4 + and CD8 + lymphocyte counts stratified at 
median values were statistically significantly correlated with short 
RFS (P<0.03). 

Multivariate analysis. A multivariate Cox proportional-hazard 
regression model was used to analyse the relative strength and 
potential independence of CD4 + lymphocytes, CD8 + lympho- 
cytes, CD66b + neutrophils, CD163 + macrophages, and lymph 
node metastases. For comparability, estimates from the peritu- 
moural compartment were chosen for the model. Federation of 
Gynaecology and Obstetrics stage or age had no significant impact 
on RFS in univariate analysis in this material and thus were not 
included in multivariate analysis. High density of peritumoural 
CD66b + neutrophils, low density of CD8 + lymphocytes, and 
lymph node metastases were significant independent predictors of 
poor RFS (Table 3), whereas low density of CD4 + lymphocytes 
and high densities of CD163 + macrophages were not significant. 

Neutrophil-to-lymphocyte ratio. The prognostic information 
provided by the peritumoral CD66b + neutrophil to peritumoral 
CD8 + lymphocyte ratio was not significantly different from that of 
individual cell counts (P = 0.05). However, as the whole tumor area 
is much easier definable than individual compartments, we further 
constructed a ratio based on combined intratumoral and 
peritumoral counts of CD66b + neutrophils and CD8 + lympho- 
cytes (i.e., the Tumour Associated-Neutrophil to Lymphocyte Ratio 
(TA-NLR)). The TA-NLR had excellent discriminatory power for 
each quartile with 5-year RFS for TA-NLR quartile I (< 0.065), II 
(0.07-0.16), III (0.17-0.36), and IV (> 0.364) of 92%, 80%, 62%, 
and 44%, respectively (P = 0.001) (Figure 3). 
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Figure 2. Kaplan-Meier RFS curves according to peritumoural CD66b + neutrophils (A), peritumoural CD163 + macrophages (B), and 
peritumoral CD8 + lymphocytes (C), all stratified by medians, and according to presence or absence of lymph node metastases (D). P-values 
obtained from log-rank tests. 



DISCUSSION 



To our knowledge, this is the first study to identify tumour- 
associated CD66b + neutrophils as an independent poor prog- 
nostic factor for RFS in patients with early-stage cervical cancer. 
Peritumoural neutrophil counts had good discriminatory power, 
identifying subgroups with 5 -year RFS of 52% and 76%, 
respectively. Moreover, a simple combined prognostic score 
incorporating both intratumoral and peritumoral CD66b + 
neutrophils to intratumoral and peritumoral CD8 + lymphocytes, 
that is, TA-NLR, was able to further discriminate patients with 
particularly poor and good risk (5 -year RFS of 44% vs 92%, 
respectively). Elevated densities of CD163 + macrophages were 
significantly correlated with the presence of lymph node 
metastases, but were not independently associated with RFS. Thus, 
patients with high densities of peritumoral neutrophils, low 
densities of CD8 + lymphocytes, or high TA-NLR should be 
considered for closer follow-up or intensified adjuvant treatment 
because of the higher risk of recurrence. These intratumoral 
features may also serve as stratification factors in adjuvant trials. 
However, the results require validation in an independent and 
larger population. 

The interplay between immune cells and tumour microenvir- 
onment is an area of intense research. Tumours are composed of 



an assemblage of various cell types, including cancer cells, cancer 
stem cells, endothelial cells, fibroblasts, and immune cells, that 
communicate and collaborate (Hanahan and Weinberg, 2011). A 
delicate interplay between these cells determines whether a tumour 
progresses or regresses. Tumour-infiltrating lymphocytes have 
been demonstrated to be a favourable prognostic feature in cervical 
cancer and other tumour types (Rahir and Moser, 2012). In the 
present study, we likewise demonstrated that high numbers of 
CD8 + T-lymphocytes were independently associated with long 
RFS. However, a novel hallmark of cancer is the capability to avoid 
tumour destruction (Hanahan and Weinberg, 2011), and TANs as 
well as TAMs have the potential to suppress cytotoxic lymphocyte 
function (Schmielau and Finn, 2001; Lepique et al, 2009). High 
blood neutrophils as well as elevated blood neutrophil-to- 
lymphocyte ratio have been correlated with poor patient outcome 
in cervical cancer and other cancers (Yamanaka et al, 2007; Tomita 
et al, 2012; Lee et al, 2012a). Our observations of high peritumoural 
CD66b + neutrophils and low peritumoural CD8 + lymphocytes as 
independent prognostic factors for short RFS, as well as the 
TA-NLR demonstrating a strong discriminatory power, are in line 
with this and suggest a link between peripheral immune cells and 
the immune cells of the tumour microenvironment, as well as a 
delicate balance between these immune cells. 

Tumour- associated neutrophils and TAMs functionally 
contribute to multiple hallmarks of cancer (Hanahan and Weinberg, 
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Table 2. Percentage of patients with recurrence within 5 years from 
diagnosis of cervical cancer stratified by quartiles of CD66b + neutrophil 
count and CD163 + macrophage cell density 





Cells per mm 2 or area 


% Of patients 


Quartiles 


fraction 


recurred 


Neutrophils tumour nests 


I 


0-8.5 


28 


II 


8.6-23.1 


20 


III 


23.2-68.9 


31 


IV 


69.0-939.3 


44 


Neutrophils peritumoural 


I 


2-18.1 


24 


II 


18.2-53.1 


16 


III 


53.2-125.2 


35 


IV 


125.3-677.1 


48 


Neutrophils stroma 


I 


0-8.5 


16 


II 


8.6-28.3 


24 


III 


28.4-66.8 


27 


IV 


66.7-780 


56 


Macrophages tumour nests 


I 


0-0.021 


21 


II 


0.022-0.18 


29 


III 


0.22-0.99 


23 


IV 


1.0-12 


52 


Macrophages peritumoural 




0-0.46 


20 


II 


0.47-1.27 


24 


III 


1.28-3.0 


39 


IV 


3.1-16.6 


40 


Macrophages stroma 


I 


0-0.26 


20 


II 


0.27-0.73 


32 


III 


0.74-2.1 


23 


IV 


2.2-9.4 


48 



Table 3. Multivariate analysis with RFS as end point (N= 101) 



Risk factor 


Categories 
compared 


HR 


95% CI 


P- value 


High CD66b + neutrophils 
peritumoural 


> VS ^ 


2.27 


1 .09-4.75 


0.03 


LowCD8 + lymphocytes 
peritumoural 


^ vs > 


3.67 


1 .63-8.25 


0.002 


Lymph node metastases 


Yes vs no 


2.70 


1.26-5.76 


0.01 


Abbreviations: CI = confidence interval; HR = hazard ratio; RFS = recurrence-free survival. 
Cox regression analysis. 



2011); TANs are involved in tumour initiation, angiogenesis, 
invasion, progression, and dissemination of cancer (Coussens and 
Werb, 2001; Di Carlo et al, 2001; Wu et al, 2001; Ishikawa et al, 
2008; Fridlender et al, 2009; Tazzyman et al, 2009; Hofman, 2010; 
Donskov, 2013). 
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Figure 3. Kaplan-Meier recurrence-free survival curves according to 
the TA-NLR stratified at quartiles from lower quartile I to highest 
quartile IV. P-value obtained from log-rank test. 



Wu et al (2011) assessed neutrophils localised in the tumour 
nests, peritumoural, and in the stroma in cervical cancer patients 
and likewise observed the highest density of neutrophils in the 
peritumoural area, however, the authors did not correlate their 
findings with patient outcome. A major novelty of our study is the 
systematic assessment of the innate immune cells in the different 
compartments, i.e., tumour, peritumoral and stroma, and the 
correlation of these cell subsets with recurrence. We confirmed the 
findings of the highest densities of CD66b + neutrophils and 
CD 163 + macrophages in the peritumoural compartment, but were 
only able to demonstrate an independent prognostic capacity for 
peritumoral CD66b + neutrophils. This may reflect the importance 
of neutrophil activity in the migrating tumour border and should 
be further studied. However, our TA-NLR data suggest that the 
compartment distribution of immune cells is less important for 
recurrence assessment and a simple estimate of numbers of 
CD66b + neutrophils relative to numbers of CD8 + lymphocytes in 
the global tumour area may be clinically translatable. We observed 
higher densities of peritumoral macrophages in patients with 
lymph node metastases, which suggest an association between 
macrophage infiltration and lymph node metastasing. Tumour- 
associated macrophages in the tumour-associated stroma has been 
shown to relate to the secretion of endothelial growth factors, as 
well as other factors, which accelerates lymphangiogenesis and 
can lead to lymph node metastasing (Schoppmann et al 2002; 
Utrera-Barillas et al, 2010). 

The CD163 + macrophage marker is considered specific for 
M2 -polarised macrophages (Lau et al, 2004; Ambarus et al, 2012). 
The less specific CD68 + pan-macrophage marker (which may also 
be expressed by other cell types) have previously been explored in a 
feasibility study of cervical cancer patients by Nedergaard et al 
(2007b) and was likewise found not to be significantly associated 
with tumour recurrence. This supports our results of no 
independent correlation between macrophages and RFS. 

In this study, we employed stereological systematic random 
sampling methods, and although manual cell counting is labour 
intensive, the sampling technique is unbiased, efficient and 
reproducible, and also allows for discrimination of individual cells 
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belonging to the different tumour and stromal compartments. 
However, limitations to our study are the retrospective design, the 
small sample size, the lack of some clinical prognostic factors due 
to the clinical standard between 1990 and 2000, and the lack of 
HPV subtyping. 

In conclusion, elevated CD66b + TAN count is an independent 
prognostic factor for short RFS in early-stage cervical cancer. 
Combining assessments of CD66b + neutrophils and CD8 + 
lymphocytes may further improve prognostic stratification. 
Prospective, larger studies to validate and further elucidate this 
finding are required. 
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